Abstract: Product development of Japanese companies has changed greatly from the post-war revival period, when it was promoted mainly to provide low-cost, high-quality products. In recent years, it has become necessary to develop products and services that correspond to social issues. Research and development has shifted from a technological basis to a perspective based on societal trends for developing next-generation products. According to Kubo (2011) and Asai (2013), scenario planning is an effective method for considering the future environment in R&D. Furthermore, the functions and roles of the information section, because of the contributions of information services, have changed along with the use of the R&D situation. Based on findings from questionnaires and interviews of Japanese companies, this paper presents a discussion of the importance of information collection and intelligence generation for scenario planning along with the role of an information section in the area of research and development.
Introduction
Technology in post-war manufacturing industries of Japan has developed primarily by adoption of Western technologies. This development has been promoted mainly to provide low-cost, high-quality products (Ninomiya, 1997; The Japan Research Institute Limited, 2009; Ministry of Education, Culture, Sports, Science and Technology -Japan, 1989) . During this era, the information section was created, subsequently contributing to the research and development of the company by providing technical information (Aoyagi, 2010) . However, the intention later changed to offering diverse forms of value. In recent years, demand has increased for the development of solutions to the myriad of challenges facing society (Ministry of Education, Culture, Sports, Science and Technology -Japan, 2012). Therefore, it has become necessary to develop products and services that correspond to diverse values and social issues from a medium-term and long-term perspective. In the domain of research and development, emphasis has shifted from a technological basis to a perspective based on societal trends. It has become necessary to consider the future environment to develop next-generation products with a view to grasping social trends.
However, with the progress of globalisation, uncertainty of the social environment is increasing, thereby increasing the probability of a discontinuous environmental change. It becomes difficult to extrapolate the current situation to the future. An ideal forecast will comprise a spectrum of possibilities. The method of forecasting plural futures is called foresight (Jibu, 2011) , a form of strategic methodology that is regarded as a key tool of decision-making. The European Foresight Monitoring Network (EFMN), founded by the European Commission, monitors the technological forecasting activity of the world and demonstrates the wealth of knowledge that has been accumulated. EFMN announced 'Global Foresight Outlook 2007 ' based on their survey related to foresight. According to their survey result, the scenario method is on a high level (Popper et al., 2008) .
The scenario method, called scenario planning, includes scenario analysis and strategic scenario building. With scenario planning, possible plural scenarios are constructed. Building scenarios requires the accumulation of appropriate information, analysis of it, and generation of intelligence from it. Therefore, the relation of the information section is thought to be necessary for scenario planning.
The change of an approach for research and development issue setting and the role of an information section that supports research and development will be reviewed herein. Furthermore, this paper presents a discussion of the role of an information section with respect to scenario analysis and strategic scenario building, based on findings from questionnaires and responses to interviews of Japanese companies.
Past research

Historical transition of R&D and information section in Japanese companies
The business environment of Japanese companies changed greatly during the post-war revival period. The companies' R&D strategies based on the manufacturing industry have also been deeply influenced. After having passed through the post-war economic slump, Japan entered a period of rapid economic growth. Many Japanese companies introduced technologies that were industrialised in European and American companies during the 1960s and the 1970s (Ministry of Education, Culture, Sports, Science and Technology -Japan, 1989; The Japan Research Institute Limited, 2009; Ninomiya, 1997) . During the 1980s and the 1990s, they extended the original domain of product and technology development, which was achieved largely through improvement of technologies imported from Europe and America. In the early 2000s, an in-house company system was initialised to run the organisation while increasing the autonomy of each business domain. It was expected that the company system, which grants broad discretion to each constituent company, would enable adaption of products to a diverse set of customer demands. Furthermore, many companies sought to produce a customerled model of new product development and changed the intention of 'offering highperformance and low-cost products' to 'offering value to the customer' (Ministry of Education, Culture, Sports, Science and Technology -Japan, 1989; The Japan Research Institute Limited, 2009). In recent years, it has been recognised that the difficulty in growing a business is product development based on needs expressed directly by customers and the information obtained from the sales representatives of business sectors. Therefore, all companies intend to develop products and technologies according to societal challenges and potential needs (Ministry of Education, Culture, Sports, Science and Technology-Japan, 2012). Table 1 presents adaptation of the information section to changes in research and development. The function and role of the information section changed alongside that of research and development in response to the new business environment, business strategy and IT environment.
During the period of rapid economic growth in the 1960s and 1970s, research and development of the manufacturing industry of Japan evolved by introducing and improving upon Western technologies (Ministry of Education, Culture, Sports, Science and Technology -Japan, 1989; The Japan Research Institute Limited, 2009; Ninomiya, 1997) . In those days, it was important to obtain precise technological information quickly. Therefore, information sections, usually comprising a library and a documentation centre, were founded at research institutes of companies (Kanama, 2009 ). In the 1980s, Western technology was built upon, unique technologies emerged, and research and development become active. Parallel to the progress of research and development, database and computer networking progressed. The information media made a transition to electronic documents. Because of the influence of introducing IT, the role of the information section changed from 'collecting and providing documents' to 'collecting and providing information'. In the 1990s, the information section developed the role of the knowledge management, including the accumulation of internal company information. In the 2000s, the internet spread rapidly. It became easy to access information of various types. However, the internet contents were vast and unstructured. For that reason, was difficult for ordinary users to obtain information efficiently. It became important that users received education in information literacy. In the 2010s, tools for the processing and analysis of information were enriched in the hopes that the information section would assume roles of information processing and analysis. Ninomiya (1997) and Aoyagi (2010 Aoyagi ( , 2015 
Potential of an approach based on scenario planning in R&D
Originally, the scenario method was used for military purposes. In the field of business, it is well known as the methodology which enabled Royal Dutch Shell to survive an oil crisis by strategic scenario formulation and implementation in the 1970s (Van der Heijden, 1996) . The method was developed as 'Scenario Planning' after the mid-1980s (Wack, 1985a (Wack, , 1985b Chemak, 2003) . It has been applied since to various fields (Bradfielf et al., 2005) as a theory and method to explore the mode of implementing a plan by drawing multiple scenarios that are independent of historical trends and results (Schwartz, 1996) . Scenario planning brings insights of the future to formulation of management strategies through the building of strategic scenarios and analyses. Chemak (2003) describes a review of scenario planning in his thesis: "it is difficult to find definitions that captured explicit and precise meanings of scenario planning". However, scenario planning generally brings insight of the future to the formulation of management strategies through the building of strategic scenarios and analyses.
Several methodologies can be used to generate scenarios. Amer et al. (2013) describe the classification of scenario methods and classify them as 'Intuitive logics methodology', 'La prospective methodology' and 'probabilistic modified trends (PMTs) methodology'. They are compared by purpose, scenario type, time frame, nature of scenario team, tool of analysis part, quantitative or qualitative, number of scenarios, etc. In light of the purpose, 'Intuitive logics methodology' is better for research and development, mainly because the methodology uses multi-purpose, generic tools such as STEEP analysis. Moreover, it is qualitative and narrative. Important research has been conducted of how this might be applied to the area of research and development (Varum and Melo, 2010) .
The importance of scenario planning in the research and development domain of the company has been especially noted. Asai (2013) , who reports that scenario planning is effective for the research and development of new domains, identifies the skills necessary for R&D leaders. Kubo (2011) points out that scenario planning is effective for a medium-and-long term R&D strategy such as the development of next-generation products. Raynor and Leroux (2004) report that scenario planning is available to evaluate research themes qualitatively. Ahn and Skudlark (2002) report that it is available for evaluating product concept feasibility during new product development.
Intelligence in scenario analysis and strategic scenario building
In scenario planning, scenario analysis is conducted first. Then, plural scenarios of the future environment are prepared. These are considered for the extraction of the risk, validation of current strategy/decision-making, a checking of the correspondence possibility and a search for future market needs. These considerations enable the building of a strategic scenario. To describe strategic scenarios more precisely, one must analyse and understand future environments with precision. Therefore, it becomes important to generate intelligence by collecting, analysing and processing information with the objective of accurately predicting the future environment (Kitaoka, 2009; Sugasawa, 2011) .
'Intelligence' has no universal definition within business or academia (Kobayashi, 2014) . However, intelligence is broadly regarded as "valuable and reliable information which has been collected and analysed".
The intelligence process is divided into three major phases.
• collection of information
• consolidation, confirmation, evaluation and analysis of information
• generation of the intelligence by extracting the implications of the information.
Consequently, intelligence is generated from information.
The scenario analysis which precedes scenario planning consists mainly of a panel discussion and a workshop conducted by a well-informed consultant. Scenario analysis is considered a qualitative method of foresight (Jibu, 2011) . Despite its qualitative nature, intelligence produced from objective and accurate information is a basis for insight. Along with the judgement of an expert, providing information and intelligence is important to improve the accuracy of the results of panel discussions and workshops.
An example is provided by the Research Institute of Science and Technology for Society in Japan. The Science and Technology Agency produced several future scenarios using techniques of scenario planning. A well-informed consultant runs a workshop for building scenarios. Quantitative data are then generated from white papers, results of text-mining information from mass media, and social media (Jibu, 2011) . Alan Porter of the Georgia Institute of Technology (Georgia Tech) merges papers, patents and company data. Then, he uses them to conduct measurement analyses. After gathering various experts, he plans a mid-to-long-term strategy of R&D based on results of the analysis. Similar procedures are conducted in the USA (Jibu et al., 2012) . That process is regarded as an example of generating and offering intelligence. Consequently, scenario planning emphasises that the knowledge of an expert and evidence obtained from public information are necessary. Collecting extensive information related to factors such as social conditions is necessary to ensure a precisely constructed scenario. Furthermore, it is necessary to process, analyse and evaluate enormous quantities of collected information to ensure that it generates relevant intelligence. In this process of intelligence generation, the participation of the information section is indispensable. However, a lack of research persists for the information and intelligence forming the basis of scenario planning and the information section.
This paper proposes the role of an information section in collecting and offering information/data with respect to scenario analysis and strategic scenario building.
Research method
The role of the information section changes along with changes in research and development. It is now expected to have the function of processing and analysing information in an intelligence generation process.
As described in this paper, the present role of information section is investigated by administration of a questionnaire survey and an interview of Japanese companies. Based on findings from questionnaires and interviews, the concept of intelligence generation and scenario building in the R&D department will be discussed along with the new role of the information section.
Questionnaire survey: The questionnaire was distributed to members of the Japan Society of Competitive Intelligence and other information societies. They are deeply interested in information and intelligence. A respondent signature column included the note on the questionnaire that 'if you want the results, please write your name and email address'.
Interview survey: The interview was conducted for respondents who had signed their name to the questionnaire and who were related to R&D. The questions were related to research and development and an information section. This paper presents examples of two companies.
Research findings
Results of questionnaire survey
A questionnaire survey was administered to assess the reality of intelligence activity in Japanese companies from July 2014 through March 2015. In all, 200 questionnaires were distributed to librarians, information specialists and persons working for the strategic and planning section, the corporate library, and the information section. In all, 54 questionnaires were collected and analysed (27% response rate). As described in this paper, the discussion is based on findings of the study of the information section, specifically the library and information centre. Figure 1 presents functions that each section holds. Respondents were able to select multiple responses from the following nine choices presented in the survey. Figure 1 shows the percentages of positive responses to valid responses.
• collection of external public information/information retrieval
• collection and accumulation of external documents
• accumulation and provision of internal information
• data processing and statistical analysis of collected information
• content analysis, evaluation and interpretation of collected information
• offering opinions based on research and analysis
• making a periodic report
• building and maintaining the basic information system in the organisation
• education and promotion of information literacy.
The library and the reference library mainly hold functions of collecting and accumulating published information and documents from outside the organisation. However, results show that the library and the reference library also have functions of providing a research report and offering opinions based on research and analysis. The information centre mainly holds functions of collecting external public information and information retrieval. Furthermore, it has the functions of data processing, statistical analysis, content analysis, and the evaluation and interpretation of collected information.
The results show that the information section has obtained various roles alongside the situation of research and development described in Chapter 2.1. It is apparent that the function of the information section has been expanded from document collection to processing and analysis. Figure 2 portrays the offered forms from the information section. Respondents were able to select multiple responses from the following six options.
• raw data and crude information collected
• processed data by statistical analysis
• investigation report about a specific issue The majority of responses were 'raw data and crude information (91%)'. Next were 'processed data by statistical analysis (57%)', 'Investigation report about a specific issue (43%)', 'periodical investigation report by continuous monitoring (39%)' and 'knowledge, opinion based on findings (48%)', which indicates that the information section provides not only raw and crude information, but also various forms of additional information. The result indicates that the information section has functions of three major phases described in Chapter 2.3. Figure 3 presents responses related to the problems of intelligence activity. Regarding problems of intelligence activity, respondents answered 14 questions on a scale of 1-5 ('1' for 'strongly disagree' and '5' for 'strongly agree'). The score of each answer is computed by multiplying the rate by the quantity of responses, and then dividing by the effective answers. A higher score signifies a more important problem.
• there is no independent intelligence section • assign dedicated staff members for intelligence activity
• no one understands the intelligence activity in the management layer
• no one is promoting intelligence activity
• recognition of intelligence activity is low
• the person in charge of the information section has no opportunity to contact the management layer
• communication between the strategic planning section and the information section is insufficient
• the information section's skills related to the collection of information are insufficient
• analytical skill of the information section is insufficient
• acquiring information from different sections is difficult
• the generated intelligence is not used in the management layer
• the strategic planning section requires only crude information or raw data
• evaluating the value and effects of the intelligence activity is difficult
• there is no culture of analysing the information, no climate of organisation, or culture of acting on the intelligence.
The results are divided according to whether the respondent belonged to 'librarians or information specialists who work for the information section' and 'persons who work for the strategic and planning section'. The responses 'the evaluation of value and effect is difficult' and 'the low recognition of the intelligence activity' are observed frequently, as shown in Figure 3 . However, many persons who are in charge of the information section answered that the problem is 'lack of communication with the management layer' and 'offering from the information section was not contacted by the management layer'. These results show a difference between the answer of information section and planning section. The results suggest that the information section is a lack of cooperation with the planning section that has a requirement of information and intelligence.
Interview survey results
Respondents who had signed their name in the questionnaire were interviewed. There are two examples in the research and R&D section of the manufacturing industry. The group businesses of company B include a corporate strategy organisation that formulates a strategy. The corporate strategy organisation commissions an external research institute to investigate the information for strategic formulation. The intellectual property section includes persons who are in charge of patent search. They investigate the information for intellectual property strategy. The R&D Planning Office takes the intelligence function in the R&D section in which the director is executive class. A reference library at the head office and information specialists of the library acquire documents, collect information, carry out information retrieval on databases and provide this information.
Example 2: Company C belongs to the food manufacturing industry. It employs several thousand people. The information section belongs to the R&D section, where it functions as a head office, performs information retrieval and provides services for the company. A corporate planning section has a function equivalent to an intelligence office. In addition, there is a data analysis section, a social research institute that studies and analyses future trends, and an intellectual property section that carries out patent searches. Each section carries out collection and analysis of information for each purpose independently. No section supervises all information and intelligence activities. The information section of the research institute centre just started the project to collect and analyse information about the trend of society, politics and economy to grasp future trends. Then, they suggest a development theme to tie to a company's business with the member of the research institute.
Company B mainly uses external research institutes, but it has functions of collecting and analysing information and developing a high specialty strategy for research and development. The reference library gathers information from publicly available sources.
In the example of Company C, an information section carries out the collection and analysis for the technology development geared to the future. Furthermore, an information section plays a key role by developing researcher activities, providing investigation support and facilitating discussion.
Discussion
Questionnaire findings revealed that the functions of the information section extend from information collection into processing and analysis. The interview survey showed that current information sections are expanding into project management. Furthermore, especially in the development of product and technology, the information section carries out collection, analysis, processing and provision of patent information, technology information, market information and social trends.
Results indicate that the function of current information sections are expanding from merely 'offering documents' to 'offering information and data itself' and 'provision of analysed information'. Additionally, it has been reported in the information science literature that the information section of some companies enhanced the function of information analysis and general research (Ide et al., 2014) . The information section is designed to offer information and intelligence comprehensively.
In contrast, managers in charge of research and development generally do not specify a clear information requirement. Additionally, they aim at short-term development and require no long-term perspectives. At times when research and development have progressed with the introduction of technologies, technical information itself has been useful as an indication of R&D directionality. However, the future of research and development presents an uncertain and discontinuous environment. It is therefore necessary to observe changes in present conditions and analyse future environments with consideration to the scenario.
Chapter 2 describes the necessity of thinking about future environments for developing next-generation products with a view to grasping social trends and that scenario planning is an effective method in R&D. In scenario planning, the scenario analysis is conducted first, the plural future environment is drawn and the strategic scenario will be built. Scenario analysis and building require relevant information and intelligence generated from the information.
On the whole, the information section can take the following role in scenario planning.
• collection of information and data that is necessary for scenario analysis
• processing and quantitative analysis of the collected information (application of the text mining and data mining).
• continuous offers of information for monitoring the strategic scenario built in response to scenario analysis.
In addition, the information section will be given a precise requirement to assume these roles. However, the questionnaire results of Figure 3 shows that a problematic distance persists between decision-making and strategic development and the information section.
From that perspective, one might say that 'accurate requirements' and 'feedback to the information section' are insufficient. Much knowledge is needed for strategic scenario building. Therefore, an accurate requirement becomes more important. In other words, the information section manager must identify what kind of information is useful and necessary for strategic development, and which should be collected and provided to an expert and the scenario team. However, if the member of the information section participates from the stage of the information collection planning and if they carry out collection and analysis for grasping the purpose of scenario analysis, then it will be possible that the scenario team provides an accurate requirement, feedback of findings and a basis for additional investigation.
Therefore, we propose intelligence generation and scenario building in the R&D department and propose a new role of the information section. Figure 4 shows a proposal of intelligence generating and scenario building in the R&D department, using the scenario method of Schoemaker to highlight scenario analysis (Fleisher and Bensoussan, 2002) .
The main stakeholders and areas of analysis are decided in Phase 1 and their basic trends are studied in Phase 2. Information collection and intelligence generation are also conducted in Phase 2. These tasks form the basis of the scenario spaces and scenario analysis in Phase 3. Accuracy during Phase 1 and Phase 2 are necessary to implement scenario analysis. The strategic scenario is built from scenario analysis results. It is necessary that the strategic scenario be checked and evaluated against current information related to trends and that the intelligence be generated by monitoring current information and revised scenarios.
Next, let us consider the subject from the role of the information section. In Phase 1, it is important that the strategic planning section and the information section share aims from the scenario analysis. Cooperation between the strategic planning section and the information section will enable accuracy. In the next phase, collection, processing and analysis of the information and the generation of intelligence are conducted by the information section to grasp trends. In addition, an important role of the information section is to monitor the current information related to the strategic scenario and to provide timely and useful signs of possible change. Furthermore, the information section will generate intelligence based on this new information and will provide feedback to the strategic scenario. 
Conclusions
Questionnaire survey results revealed that the information section offers not only information and data itself, but also quantitative processing of information such as statistical analyses or analysed information such as investigation reports. The interview survey elicited response showing that information sections are extending their influence into project management. Results show that the information section is intending to offer information and intelligence comprehensively. Reportedly, evidence from open information is necessary to add facts and modify the outlook when the knowledge of experts is used in scenario analysis (Jibu, 2011) . The information section has a role of collecting and processing the necessary information/data and providing them as evidence for scenario analysis.
Especially in the area of research and development, the direction of technology development for the future is always an important issue. Scenario analysis and scenario building contribute to R&D of the new business domain. In the current business domain, one can consider new product and technology development using the information derived from customers and markets collected by the business section and the sales department. However, in tomorrow's markets, the business section and the sales department can only insufficiently provide information derived from customers and markets for new products and technology developments. Therefore, to build strategic scenarios to examine the direction of research and development, it is necessary to carry out scenario analysis, a method to grasp the situation of current societies, markets and competitors based on public information, and to elucidate signs of future change. An efficient information search can be conducted using the collection, processing and analysis of information that the information section holds. One might argue that scenario analysis based on highly reliable information becomes possible using an information section for scenario analysis.
Scenario analysis and building are conducted mainly by a strategic planning section, but through participation and cooperation of information section in scenario analysis and scenario building, they will become more highly reliable. As Figure 4 shows, when the strategic planning section and the information section share an understanding of the scenario construction, scope, kind and range of the information collection, then accurate scenario analysis and building can be conducted.
The information section was established for collection and holding of information, but future conditions will require that the information section cooperate strongly with the strategic planning section. Cooperation and shared understanding is a key factor. New roles of the information section will include active support for generating intelligence from the collection, processing and analysis of information involved with scenario analysis and building.
